The aim of the study was to assess the influence of the oestrous cycle phase on neutrophil secretory activity and to extrapolate it to susceptibility to uterine infections. The obtained results indicate that the highest enzyme release seen in the late follicular phase (elastase release was 42.18 ±3.11% of maximal release, myeloperoxidase was 45.0 ±5.12%, and alkaline phosphatase was 44.75 ±9.0%) was related to the level of 17β-oestradiol in plasma. Similarly, a free radical generation was also the most enhanced during this phase. Significantly lower values were obtained from sows during the luteal phase in regard to both enzyme release (36.62 ±3.58% for elastase, 27.87 ±8.7% for myeloperoxidase, and 22.12 ±2.4% for alkaline phosphatase), and that of free radicals (2.28 1.6 μM/10 6 cells for nitric oxide and 2.47 0.6 nM/10 6 cells for superoxide).
Neutrophils are the first line of cellular host defence and an important part of innate immunity in mammals. To combat a microbial infection, neutrophils circulating in blood migrate by endothelium towards a chemoattractant gradient to the site of infection, then phagocyte and destroy the pathogen using some killing mechanisms including antimicrobial enzymes such as elastase, myeloperoxidase (MPO), and alkaline phosphatase (ALKP) (2, 3, 15) . Elastase, as well as MPO are toxic mediators in a neutrophil arsenal for killing bacterial pathogens, additionally, MPO activity is often used as an index of neutrophil content and activation (2) . Furthermore, during bacterial infections a rapid increase in neutrophil ALKP activity is a characteristic response (7) . Moreover, neutrophils can generate free radicals such as superoxide anion and nitric oxide (NO). Nitric oxide plays the critical role in nonspecific response to infection, and the superoxide anion is a product of oxidative burst of neutrophils armed with potent killing properties against a broad range of pathogens (17) .
It was suggested previously that the number and function of leukocytes can vary depending on the reproductive stage and the changes in hormonal concentrations (16) . Especially, 17β-oestradiol (E2) increased the proliferative response to mitogens, as well as the antibody response to antigens of porcine purified mononuclear cells (12) .
In cattle, independently of the time of infection, pyometra develops just after the onset of the luteal phase when progesterone down-regulates immune functions. The bacteria proliferate and create a pathological milieu leading to infection that usually can persist until luteolysis develops. Then, the reduction of progesterone concentration permits the uterine immune system to upregulate and resolve the infection (11) . The correlation between progesterone concentration and susceptibility to endometritis was also observed in pigs (6) but the relation between the oestrous cycle phase and the porcine neutrophil function has not been evaluated to date.
The aim of the study was to assess the possible influence of the oestrus cycle hormones 17β-oestradiol (E2) and progesterone (P4) on changes in neutrophil secretory activity, which could cause resistance or predisposition to reproductive system infections in sows.
Material and Methods
Animals, blood collection, and determination of oestrous cycle stage. The study was carried out on 34 Polish Large White sows. Blood was collected with anticoagulant (3.8% citrate) at an abattoir after slaughtering. The haematological tests were done using the haematological analyser MEDONIC CA 530. The reproductive organs were macroscopically examined with an emphasis on anatomy, appearance of uterine mucosa and status of the ovaries. The ovaries were evaluated on the basis of their weight, number and size of follicles or corpora lutea. Based on the stage of the oestrous cycle, sows were assigned to one of four groups: luteal phase, early follicular phase, late follicular phase, and anoestrous.
Secretory activity of isolated neutrophils. Blood neutrophils were isolated according to the previously described method (19) . After cell counting and differentiation (>85% of neutrophils on MayGrünwald-Giemsa-stained preparations), cell suspensions were adjusted to a final concentration of 2 x 10 6 cells/mL in Dulbecco's Modified Eagle's Medium (DMEM-Sigma).
Neutrophil degranulation was assessed by elastase, MPO, and ALKP release. A hundred percent enzyme content was estimated by incubating cells in the presence of 0.5% CTAB (hexadecyltrimethylammonium bromide, Sigma) since CTAB results in complete cell lysis and the release of all granule enzymes. Elastase activity was measured with azocasein (Sigma) as a substrate after 10 min incubation at room temperature. MPO and ALKP releases were evaluated after 10 min incubation at room temperature with an equal volume of o-phenylendiamine (OPD-Sigma) or 4-nitrophenyl phosphate disodium salt hexahydrate (pNPP-Sigma), respectively. Absorbance was assessed on an ALAB-PLATE READER ELISA at 492 nm for elastase and MPO, and at 405 nm for ALKP (19, 20) .
Superoxide anion production was measured by the method described by Wessely-Szponder and Szponder (20) . Neutrophils were incubated with 0.1% nitroblue tetrazolium (NBT, Sigma) solution at room temperature for 10 min and then absorbance was read at 545 nm.
The nitric oxide (NO) level in the medium was determined by the Griess reaction on the basis of nitrite as a parameter of nitric oxide formation (14) .
Analysis of plasma steroid hormones. 17 -oestradiol and progesterone were extracted from plasma with dichloromethane and analysed by high performance liquid chromatography (HPLC, Beckman, Gold System, USA) with UV detection (220 nm). The mobile phase, orthophosphoric acid-acetonitrile (1:2 v/v), was pumped at the flow rate 0.8 mL/min (8) .
The obtained values were compared using an analysis of variance and Student's t-test, and differences were considered as significant at P<0.05. The relations between sex hormones and release of neutrophil products were evaluated using a regression coefficient.
Results
In the experiment, haematological parameters did not vary significantly in different groups of the examined animals (data not shown).
During the luteal phase, elastase release was 36.62 ±3.58% of the maximal release value, MPO release reached 27.87 ±8.7%, and ALKP release was 22.12 ±2.4% of the maximal release value. NO generation occurred at the level of 2.28 1.6 μM/10 6 cells, and the superoxide anion was 2.47 0.6 nM/10 6 cells (Fig. 1, Table 1 ). Moreover, in the luteal phase, the negative correlation between neutrophil activity and P4 concentration in plasma was observed. The highest negative correlation was between the P4 concentration in plasma and the ALKP release by neutrophils (r=-0.94) (Fig. 3) . A very high negative correlation was also seen between the P4 plasma level and MPO release by neutrophils (r=-0.91) and between the P4 plasma level and the elastase release by neutrophils (r=-0.64). The neutrophil secretory activity was slightly more pronounced in the early follicular phase regarding elastase, MPO, and ALKP release, as well as free radical generation but without statistical significance in comparison with values obtained in the luteal phase (Fig. 1, Table 1 ).
The highest enzyme release was in the late follicular phase. Elastase release was 42.18 ±3.11% of maximal release value, MPO was 45.0 ±5.12%, and ALKP was 44.75 ±9.0% (Fig. 1) . The free radical generation was also the most enhanced during this period of the oestrous cycle ( Table 1) .
The markers of neutrophil activity were highly positively correlated with E2 concentration in the plasma of sows in the late follicular phase. The highest positive correlation was between concentration of E2 and ALKP release from neutrophils (Fig. 2) . A strong positive correlation was also found between the plasma level of E2 and NO generation by neutrophils (r=0.78), and between the concentration of E2 and MPO release (r=0.69) in the late follicular phase.
The values obtained from neutrophils from sows in anoestrous did not differ significantly from those in the luteal phase and in an early follicular phase (Fig. 1, Table 1 ).
Discussion
In the study performed by Magnusson and Einarsson (13) on ovariectomised sows, it was estimated that exogenous oestradiol lowered the total number of white blood cells, decreased the number of circulating lymphocytes, and increased neutrophil counts. In different study, total and differential cell counts measured during the peripartum period were within the physiological range without considerable variations (12) . In the current experiment, sex hormone fluctuation during the oestrous cycle appeared insufficient to induce any significant difference in blood cells including neutrophils.
In previous reports, lymphocyte proliferation in vitro has been used as a general measure of immune responsiveness, despite the fact that neutrophils have a greater role in the initial response to bacteria that enter the uterus (10) . It should be emphasised that the number of reports about the relation between sex hormones and neutrophil function is relatively small.
The results of the study indicate that the greatest release of elastase, MPO, and ALKP in vitro occurred in the late follicular phase and was related to the E2 plasma level. Moreover, the highest positive correlation was seen between the E2 concentration and ALKP release in the late follicular phase of the oestrous cycle.
The NO generation, as well as superoxide anion production were also the most enhanced during the late follicular phase. In humans, it was shown that E2 increases the ability of neutrophils to produce NO (6) . According to this report, the oestrogen directly upregulates neuronal-type NOS protein expression in neutrophils providing a higher ability of these cells to produce NO. On the other hand, there are some discrepancies in the effect of oestrogens on superoxide anion generation. Some studies suggest that oestrogens have an inhibiting effect on superoxide anion production, whereas others indicate that oestrogen enhances superoxide anion generation (1, 21) .
In the investigation, significantly lower values were obtained during the luteal phase, than in the late follicular phase with regard to enzyme release, as well as in the generation of free radicals. Moreover, a negative correlation was observed between the P4 concentration and neutrophil activity. It is commonly known that P4 is one of the major hormones closely associated with the oestrous cycle (4, 9, 16); it suppresses uterine immune defence and predisposes the uterus to nonspecific infections. However, the complete mechanism of the action of P4 is not well known. It was observed that cattle, sheep, and pigs are resistant to uterine infections when progesterone concentrations are basal, and they become susceptible when progesterone concentrations increase (18) . In the experiment conducted by Lewis et al. (11) , none of the gilts, which received intrauterine bacterial infusions during oestrous developed uterine infections, but all of the gilts infected during the luteal phase suffered from uterine disorders. Moreover, the gilts with a low blood progesterone concentration at the time of inoculation had less vaginal discharge and a better resistance to endometritis than the gilts with a higher blood progesterone concentration, whereas gilts with a concentration over 3.70 ng/mL developed a significant vaginal discharge (5).
The obtained results indicated that amelioration of neutrophil secretory function during the luteal phase leads to a decrease in resistance and to increase in susceptibility to pathogens in relation to an elevated level of P4, whereas a higher oestrogen concentration enhances the antibacterial neutrophil function.
